Abstract: The basic concept described in this paper is the application that enables to generate technological data for machine design series of types. The data is generated in the traditional form (operation and instruction sheets) and codes for numerically controlled machine tools. The model of transformation is based on the developed theory of technological similarity using relational databases. The theory of similarity is based on the theory of physical similarity (Gendarz, 2002; Rząsiński, 2015) . The model in the theory of similarity of construction and technology is the construction and technology standard. An elaborated program based on the theory of construction and technological similarities supports the process of creating technological documentation. It is also possible to generate the numerical control (NC) code for the numerically controlled machine tools.
Introduction
Over the last years, the requirements of industrial production have shaped the models that technological processes are based on. These models are often burdened with the necessity to design a complex production process in spite of some small, insignificant changes within the given construction. In times of market economy, time and financial resources are the critical factors for the future development of the company. For that reason, research focused on the development of production process design methodology, which would help to reduce the time needed to design and modify processes in workplaces, has been carried out. It mainly concerns aiding the production for series of types and modular construction systems. The programs aiding the selection of technological process components that are based on similarity and analogy (Dietrych, 1985; Gabryelewicz, 1976) are the result of this research.
The main aim of this work is to apply, in practice, the results of research for the theory of construction similarities and technology in order to develop a computer application. Because of the complexity of the problem, the idea and results of the theory of similarity are shown in series of previous articles (Rząsiński, 2014 (Rząsiński, , 2015 .
The publication (Rząsiński, 2014) includes the idea of similarity, which is the basis for the development of the program algorithm. The basic hypothesis, in the created theory of construction similarity, can be expressed by the following statement: "there is a possibility to develop an optimal, modular series of constructions for the unified parameters on the basis of one construction (called standard)". Similarly, in the technological similarities theory, the same could be claimed: "there is a possibility to develop the optimal number of modular series of technology for series of construction modulus based on a single technology (called standard)". The essence of this theory is to choose such constructional features of the newly designed construction to obtain the following identical states: physical, stereo mechanical or simple like in the standard construction. However, when creating new technologies, the same technological conditions, such as cutting power, cutting forces and cutting performance, as in the case of the standard technology, are obtained. Similar works concerning the use of the relationship of similarity (also known as the theory of analogy) were also carried out by many other research centres in various areas of research (Gendarz, 2002; Tkaczyk Skucha, 2000; Čus and Mursec, 2004; Gentner and Markman, 1997) .
The publication (Rząsiński, 2015) includes the application of the theory and shows a model of similarities for selected technological operations. The model of similarity concerns the determination of the technological and similarity conditions. The conditions depend on the type of operation (turning, milling, and drilling). The results of this approach were used to develop an algorithm of the program in order to support the creation of technological documentation for the machine elements, which are created in the form of series of types and modular systems. The article contains a block diagram of the program and describes the program interface. The new approach will combine the effect of the application of module design systems with new manufacturing technologies directed at serial manufacture and energy savings (to minimise the time of documentation preparation).
These programs allow to design a technological process in a reasonably short period of time, while at the same time maintaining high efficiency of the solution of the problem. A limitation, however, is the subjectivism of the person solving a given problem. Just like construction engineers, who solve a given problem, technologists are also susceptible to their own previous experience. It is reasonable to assume that a technologist has introduced a given solution for the process according to good engineering practices and faces the problem of time needed to introduce changes. In the case of standard procedures, a technologist must calculate parameters from the place where the change was introduced. If the computer-aided option of generating documentation is used, it is possible to obtain the ready process in real time. For that reason, it is sensible to create and develop programs that aid the design of technological processes. So far, all attempts (Pahl and Beitz, 1984) to solve this problem have provided a direction for the development of the application for creating the technology of series of types.
Method of technological similarity
In the case of constructional similarity, when we create a new construction, we use a number of rules for creating similar constructions (Clark and Fujimoto, 1991; Gendarz, 2002) . The analogical procedural algorithm is used in the case of designing technologies for series of types and modular constructions (Wróbel and Langer, 2015; Gentner and Markman, 1997; Rząsiński, 2013 Rząsiński, , 2015 .
Unknown values are determined based on the data included in the so-called model construction, described in an unambiguous, comprehensive and experimentally verified manner. This way, similar technologies are created. The value of new variables is determined based on the assumed similarity value in relation to the parameters for the model construction. Newly determined parameters may be subject to further modifications, if it is necessary to adjust them to the standardised values (Rząsiński, 2011) . The above-mentioned steps are applicable for generating the entire technology series of types.
The method is based on the susceptibility to algorithmic presentation of quantitative construction data. The technological structure for each product in the series remains unchanged (with possible small changes). Only processing parameters are subject to changes.
The method enables to create a few variants of technological plans for a given element, and the differences between these plans result from the different construction forms of the elements.
Another step is the selection of qualitative technological features: • selection of the technological structure
• selection of the form of the input semi-product
Depending on the type of production process, using similarity theory requires obtaining specific similarity conditions (Rząsiński and Gendarz, 2011) . They are determined by assigning the discrete value of calculated technological parameters, which reflects the degree of similarity of these parameters and the corresponding quantitative technological features. There is a distinction between construction similarity and technological similarity.
• constructional similarity
p ik construction dimension of the newly created construction p ok construction dimension of the referenced construction w ik technological parameter of the newly created technology w ok technological parameter of the referenced technology.
As it was mentioned above, similarity conditions must be compliant with the following technological objectives: the condition of constant output power, machining force and efficiency for the relevant machining processes must be met (turning, milling, and drilling). Each of the machining methods is characterised by the diversified similarity condition, which requires treating each of these procedures individually. Literature (Rząsiński, 2011) describes the details of selecting technological properties, and it is essential for the proper functioning of the application generating series of types.
The concept of the application
In order to generate the appropriate program operation algorithm, it is necessary to develop relational databases (Rząsiński and Gendarz, 2011; Rząsiński, 2014) . The value of parameters for the given position in a database influences the values of parameters for further selected positions. Thanks to such assumption, the relation between all modules of all series of types will be maintained. This approach forms the closed structure of creating technologies, so it prevents the incompatibility of quantitative features of the selected process (e.g., choosing a plate size E for holder size F, or choosing the 20 mm knife holder for the tool holder with a frame of max 16 mm). Databases must include the following technological features: • technological structure
• form and size of the semi-finished product
• form and size of the tool
• machining parameters.
The general selection scheme for semi-finished products is presented in Figure 1 . The technological structure includes technological operations performed on the manufactured element. For the purposes of this paper, technological operations have been limited to such processes as turning, boring and drilling. Below, you will find the selection scheme for particular technological properties. Only a few were presented considering the complexity of the issue. The general selection scheme for tools is presented in Figure 2 .
Qualitative technological features are heavily dependable on the volume of production of a given element. The selection of production volume directly influences the form of the technological process. It limits the scope of application for some types of machines, used forms of tools and equipment, as well as determines the form of the semi-finished product. The above-mentioned elements are further referred to as operators (Gendarz, 2002; Adamczyk and Kociolek, 2001; Siedow, 1980) . Dimensions of the semi-finished product influence the selection of the machine type, tool type (adjusted to the chosen machine). The operators enable creating model technology for the construction series of types. In the situation when we have a few potential variants of production plans, we adopt the criteria that allow selecting the optimal production plan. The detailed concept of the algorithm of generating technologies is presented in Figure 3 . 
Description of the application
The 'generating technology series of types' application is a program that gives the opportunity of defining a technological process, and compiling process documentation at the same time (in the form of operation sheets), Figure 4 . Furthermore, for the process entered into the application, it is also possible to generate the numerical control (NC) code for the numerically controlled machine tools. The program was written in the Visual Basic 2010 language operating within the VisualBasic.NET programming platform. For proper functioning, the application requires MX Excel that is a part of MS Office suite (version min. 2007 ). For the verification of the CNC code, a CNC Simulator was used that is intended for the visualisation of simple operations within broadly defined turning. The program includes the executable file of the application (*.exe), Excel files (*.xlsx). In order to verify the obtained CNC code, one may use CNC simulator. 
Databases used in the application
For the proper functioning of the application, numerous technological databases have been established, aiding the process of selecting technological properties on the basis of design features. Each of the bases is represented in the program as an Excel spreadsheet:
• Similarity spreadsheets -they are intended for keeping the dimensions of the model and the entire series of types, calculating machining parameters both for the model and modules from the series of types, as well as for saving the control variables of the program characteristic for a given procedure.
• Sheets (model sheets) -they are used as the model of instruction sheet. The program copies the layouts of the sheets in order to later complete them.
• Allowance database -the database of allowance values for the calculated semifinished product.
• The following sheets are included in the database group referred to as the 'other':
1 Polfabr [semi-finished products] -types and dimensions of semi-finished products. 2 Machine tools -characteristic values describing the particular machine tools (name of the machine tool, power output, dimensions of the holder mount socket). 3 OporKc -resource base -contains the data on resistivity for cutting different types of constructional and machine steel. 4 Plates -tool base -contains the data on tools. Plates are described using their size, name and permitted machining parameters. The holders are described using mounting dimensions of a given holder, size of the plate mounting socket, and name. 5 WzWpis -process sheet -the program uses it to store the information about the status of the currently entered process, which allows the application to maintain stability of operation.
Additionally in the program there are other database elements like:
• database of class elements (typical technological process)
• database of blanks
• database of excess material
• database of material
• database of machining operations
• database of tool holders
• database of machine.
Stages of the application
The application generates technological data for new elements, but for the purposes of presenting the capabilities of application development, a few other technological processes have been shown (elements MLD, MDU, MTU). The selection of elements MLD, MDU, MTU results in the occurrence of graphics showing a miniature of the ready element as well as the possibility of displaying the technological process for this element ( Figure 5 ).
• Definition of a new process Selecting the 'new' element position results in displaying an empty process landscape and the 'Add process' button. After selecting this button, we get the proper window of defining the name of the process ( Figure 5 ). In this window, the following process parameters may be defined: 1 name of the process 2 type of the semi-finished product 3 dimensions of the ready element (model element) 4 production volume 5 material used to make the element.
As the name of the process, you may enter any string of characters describing the created technological process. The program verifies the dimension values and displays error message if there are any irregularities.
• Adding mounting and operation group After adding the process, you need to add mounting of the element. In the window of adding the operation group, there is only one drop-down list, and you should select the proper position (group). The window of adding operations is presented in Figure 6 . Selecting the operation from the list and confirming the selection results in adding the operation to the technological process landscape. • Adding machining process
• Defining the features of series of types For each of the operations, a series of types for dimensions of construction modules need to be defined. For the model operation -planning, series of types contains data such as diameter D and allowance X of a given module. At the moment of opening the window 'Define series of types', the application downloads from the sheet WzWpis the type of operation by loading the proper layout of columns and changing the headings of dimensions and graphics. In the top right corner of the window, a miniature of the element is displayed (analogical to the one from defining the operation) facilitating entering data. At the moment of opening the window, proper columns are displayed, adjusting to the introduced series of types.
• Generating parameters for the modules of series of types After defining series of types, sheets for particular modules of each operation need to be defined. In order to generate the module sheet you need to click on the 'generate parameters of the n element' button in the main window of the program. This window is similar to the window of defining series of types, with the exception that we do not enter any dimensions here. All you have to do is select the module number of your choice and click OK. Then, the program, according to the similarity algorithm, will perform the calculations of parameters and create the instruction sheet for this module. A helpful feature of the program is displaying previously defined values of dimensions for the specific operation. In top left corner, a number of the operation, for which the sheet will be generated, is displayed. In order to generate sheets for other operations all you have to do is click on them on the process landscape and analogically to the previously described method -click on the button 'Generate…', choose the number of the other module and click OK ( Figure 6 ).
• Generating the simplified CNC code
In order to generate the NC code, you need to previously generate at least one instruction sheet for any operation. In the case when the operations and procedures were added according to the described method of entering the process, all you have to do is click on the 'generate CNC code' button. In the case of any interference with the process landscape (displaying process sheet, displaying instruction sheet of the process), the program may display the window of generating the CNC code without parts of the columns of the entered processes. A proper display of the window (for the process of the bush TUL) is presented in Figure 7 . In the newly opened window, you may see a layout of ten columns (corresponding to the procedures), and each of them has 19 buttons (corresponding to the number of elements in series of types). The status of the activated button is equal to generating the CNC code for a given module.
In order to generate the CNC code, you need to click on one button in each of the columns and then click on the 'Generate CNC code' button. The program downloads machining parameters from the instruction sheet and the dimensions describing the procedure are downloaded from the similarity sheet. The generated CNC code consists of sub-codes generated for particular procedures and blocks at the beginning and at the end of the program.
Values of the variables obtained while generating the code are downloaded from the instruction sheets (modules) and similarity sheets of a given procedure. Sub-codes generated for particular procedures are created as a result of entering the values of variables in proper places of the defined model of the code for a given procedure. Each of the procedures has at least one model code, which is generated while the program is in operation.
The last issue included in the research is the verification of the generated CNC code. The verification has been performed in the CNC simulator.
Conclusions
The developed application aids the process of technological feature selections. It aims at the selection of features for the elements, which are saved as series of types and modular systems. The process of selecting the features is carried out via transformation on the basis of practically verified model technology; the data for the transformations is downloaded from databases. The application may be used as a tool to generate traditional technological documentation in the form of operation and instruction sheets. The rules of transforming the features included in the developed application are a form of verification of the theory of technological similarity.
